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Effect of microbial material solution on methane emission from paddy soil 
Shigeru Kato 1，2)，Shinji Iwaishi 1) ， 1) lnternational Nature Farming Research Center 
2) Graduαte School 01 Science αnd Technology，ChibαUniversity 
and Kazuyuki Inubushi 3) 3) Graduate School 01 Horticulture，Chibα Universi秒 
We conducted pot and field experiments to examine the efects of amendments of two types of microbial materi幽 
al solution on methane emission仕 omsubmerged paddy soil and rice field. The microbial material solution (MMS) 
containing mainly lactic acid bacteria nd yeasts (MMS type1) was used in the pot experiment，whi1e the other so幽 
lution containing mainly pu叩 lenonsulfer bacteria (MMS type2) was also used in the field experiment. In this 
s加 dy，we used organic fertilizer named "Bokashi"， which was made of rice bran，rapeseed oil mill sludge and fish 
meal and incubated with or without MMS typel. Pot experiment showed significant increase in methane emission 
by叩 plicationof Bokashi with MMS type1 (B+M) to compare with that with Bokashi only (B). Total methane 
i1 Eh derespectively. So，in B+M and B2 and 49.0 g carbon m-2g carbon m-.4emission during cultivation was 77 刷 
creased rapidly both in B+M and B pots. These results suggest that application of MMS type1 increase methane 
emission due to decomposition of organic matter in pot experiment，indicating that Bokashi provided substrates 
and also reductive conditions suitable for methanogens. Field experiment showed，on the other hand，suppression 
efect on methane emission by increasing application rate of MMS type2 as 0 to20 mL mて probablydue to de附 
crease of substrate by competition between methanogens and purple nonsulfer bacteria. In contrast，brown rice 
yield was increased by application of MMS type2. 
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Introduction 
Some伽 mersin Japan have been using an organic material named 
“Bokashi"ωasubs伽 tefor chemical fi例 lizers.Bokashi is an anaero-
bicaly fermen附 organicfertilizer prepared by using organic materials 
such as oil mil sludge，rice husk and bran and fish processing byprod蜘 
ucts and inoc叫 atedwith some microorganisms as microbial matβrial 
solution COtl1脇町 inglactic bacteria and y'悶榔.官邸 kindof organic fer-
tilizers does not involve世leproblems of pa血 ogens，heavy metals，加ι 
biotics and animal growth promoting hormones (Xu 2006). In our 
previous s制批 Goyalet al. (1999) examined e除 ctof anaerobically 
fermented manure on蜘 soilo砲 anicmatter，microbial properties and 
growth of spinach under greenhouse conditions and found由 atthe soil 
microbial biom邸 scarbon and nitrogen incre回 edwith吐leaplication 
ofB北部， hi.百 lesoil dehydrogenase activity also increased signi企 cantly 
wi血 Bokashior combination of inorganic fertilizer with Bokashi and 
出 atthe yield of spinach was the hi抽出 tin仕letrea加 lentwith Bokashi 
followed by a combination of chemical fertilizer with Bok拙 hiand the 
lowest in the treatment with chemical fertilizer alone. 
Inpaddy field amended with organic matter，various reactions，such 
as oxid油 onand reduction proc四 s，are occurring simultaneously with 
decomposition of organic matter (Inubushi and A叫田 ye2∞4). These 
biochemical and biological reactions in submerged soil pro∞eded to 
following sequ印刷 processes，which are rapid disa仰捌加 cesof02 
and N03 ，reduction ofMn
4+ and Fe3十 ω Mn2+ and Fe2+，respectively， 
temporal inαC制問。 forganic acids，such拙拠出 cacid出m白山 de-
cre出 esand evolution of methane at last (Takai and Kamura 1966). 
百出 processmentioned above was diferentiated two major stag臥百 le
自rsts胸 geof reduction w拙 aerobicand semi -aerobic decomposition 
process which was mainly govemed by吐leaerobes and some of the 
facultative anaerobes.百 lesecond s胞 gewas anaerobic decomposition 
procωs which was mainly governed by the facultative and obligate an-
aerobes (Takai 1978). Itis considered that吐lemicroorganisms凶 labit-
ing in each s胞 geof biochemical reduction processes directly or indi削 
rectly participa民 inmethane emission企'Ompaddy field. 
We exarnined efect of a commercial microbial material solution 
containing main1y purple nonsulfur bacteria on methane production 
from submerged soil in incubation experlments (Kato and Inubushi 
zω'7).百 leresults of this paddy soil study indicated that methane pro-
duction in unsterilized soil containing rice 柑 aww;倒 significantlyre剛 
duced by aplication of unsterilized miα 'Obial material solution com-
p紅 edwith sterilized microbial material solution，possibly due加 the 
compe出 onbe飢 renmethanogen and purple nonsulfur bacteria. It is 
necess釘 yωexaminewhether仕leefect of reducing methane produc-
討onin incubation experlment is revealed in actual paddy field. In血 is 
s加 dy，we conducted pot and field experlments to examine e恥 ctofap-
plication of two ∞Immercial microbial material solutions on methane 
emission from submerged soil. One includes microbial group mainly 
lactic bacteria and ye回， ts，the other includes mainly p田 plenons叫白 r 
bacteria，represen血 19to the first and second stages of reduction pro剛 
ceses in paddy soil for pot and field experlment，respectively.官邸 is 
because purple nonsulfur bacteria should be examined in由 eac加 al 
photo -limiting conditions under rice canopy in廿lepaddy fiel札 espか
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cialy in the late rice growing season. 
Materials and methods 
Pot experiment 
Soil: Soil used in也 ep叫 experimentwωa typical Gray Lowland 
total carbon: 33 g .4， Japan with pH: 6，Chiba，mAbiko仕'Osoil taken 
kg-I， total ni仕'Ogen:3 gkg-1，CEC: 19.2 cmol(十) kg-1and available Fe 
ter (5∞mL)， molasses (8 mL) with microbial material solution勿 pe1 
as described below (8 mL) to follow by anaerobic fenentation. An聞 
other Bokashi without microbial material solution was also preparedω 
carbon: 3991阻to，pH: 4.6%， 35拙Bolωhimoisture content位。l.con
-1
w
Rice straw: Rice 柑 awwas colected fr・'OmHata， Nagano，Japan in 
the fal of 1997 and dried under aerobic conditions由 rough吐lewinter. 
h加 ltalcarbon and nitrogen were 354 and 18 g kg-1，respectively. It 
W回 choppedinω2-3cm length forpot experiment. 
Chemicalfertilizer: A commercial chemical fertilizer (“All Eightヘ 
JA) consisting of (NH4)2S04，3Ca(H2P04)2・H20andKCl w出国 ed 
for吐leexper加問 1t.百 nschemical fertilizer contained 8%，8%，and 8% 
as nitrogen，pho叩 horusandpo胸部 ium， respectively. 
Microbial material trea帥 lents:A∞立 m町'CIalmicrobial m2臨 rialso-
lution (恥仏 AStype1) producedby EM Labor蜘 ryCo. Ltd. (Shizuoka， 
Japan) w田 usedfor Bokashi preparetion. According to the product in幽 
fomation，the solution contains various microbes as mainly lactic acid 
bacteria and ye酬， ofwhich pop酬 onswere 106-107 and 103 nurn削 
bers mL“ 1，respective1y. 
官 lesolution was also aplied during rice growing period after dilut-
ed 11ωwi由 water.官 lediluぉ dsolution of卯 mlw制 spreadω1the 
soil surface ofpot 13 times from transplan耐 19田 1刷 harvestgener訓 lyat 
intervals of7 days. 
Potpreparation: Theexperiment wωconducted at Chiba Universi-
句r，Maお udo，Chiba，Japan in 198. P叫 expe血 nentw拙 conductedwith 
gkg…landω制 1nitrogen: 47 gkg. 
spectivel弘W拙 incorporatedwith whole soil in由 ep叫.In rice straw 
加納 n則的 (S十 Mand S)，11.5g ofrice 蜘 aw，which was equivalent的
知加 1amount of carbon in amended Bokashi，and controlled-releωe 
coated nitrogen fer廿lizer(LP30) which ∞mpens胸 foralack ofnitro幽 
gentoBok部 :hitreatm.ent， w町 einco中 oratedto whole soil in the pot. In 
chemical fe凶 izer回 atm.enぉ (c十 .Mand C)，2.5 g chemical fe凶お町、 
whichw出 equivale凶助的 talamount ofnitrogen in amended Bokashi， 
W拙 aplied. After fe凶 lizerswere amended，由 re27 day-old Japonica 
1mgkg-.4 le):9加制pH4.5-e:削…nnoni附加(Nace . 
βokashi: Bokashi is an organic fer制 izermade ofrice bran (2.7 kg) ， 
r叩 eseedoil mil sludge (1.0kg) andfish meal (1.0kg) by adding wか 
transplant-var. Koshilikari) were 1.， periωseedlings(ωyza sativaザ 
cet.則Pots were kept flooded until harves 1. ed to each pot on May 1 
1. was harvested on September 2
んlethaneemision: Methane emission w佃 me出町 'edalmost weekly 
by a clos吋 chambermethod (Yagi et al. 1991)，wi由 acrylicchamber 
(14.6 cm in diame附 x100 cm inheight) .Thegas samples were ana-
lyzedby g出伽削 0仰 h(Shirna伽， GC-14)叩仰 edwi出 aPo聞 
rapak-R (80-100 mesh) column and a f1ame ionization detector 
(F回) •Methane emission was described as an amount of carbon in.閉 
cluded inthe me由 anewhichwωemitted仕'Omsoil perhourper area. 
Field experiment 
Soil: Field experimentwas caried out at an experimen凶 paddyfield 
ofIntemational N細胞 Farming Research Center (師 RC)，Hata，Nル 
g加 0，Japan in 1999.百 lesoil in別 FRCis Hurnic Wet Andosol with 
pH:5.5，tota1 carbon: 39 gkg-r， total nitrogen: 3.5 gki1創 1dCEC:14.2 
cmol(十 )kgf1. 
Microbial material trea加 lents:A commercial microbial material so幽 
lution (川崎町 pe2)produωdby EM Laboratory Co. Ltd. (Shizuoka， 
Japan) w:拙 usedfor the field experiment. According to the product in.圃 
fonnation，this solution contains purple nonsulfur bacteria (PNB) and 
secondary product仕 omPNB. PNB in血 esolution w:拙 enumeratedby 
the most probable number (MPN) method and蜘 numberofPNB 
was 1.5x 108 MPN mL…1(Kato and Inubushi 2ω7).恥品 1S砂 pe2was， 
amendedatO…lω mL m-2 in同 70equal spread fer制民 ingωeachplot 
surface on May 26 and J叫 y12 as b回 aland top-dressing，respectively. 
Table 1 Ls orthogona1 aray design forpot experiment 
3 fertilizer trea加 lenお with3 replications each. Wa;研 lerpots with sur-
face area of0.02 rJ were filed with 4 kg ofmoist soil which p加問 d
出 ougha5.5 mm mωh stainles stel sieve. Thedepth ofsoil in the pot 
W倒 15cm.Trea加 lentsand their abreviations were folowing: (1)日O幽 
kashi with l¥品目 type1(B十 M).(2) Bokashi without l¥品 AStype1 
(日).(3)則 cestraw with MMS type1 (釦 M).(4) Rice straw without 
h仏 1Stype1 (S). (5) Chemical fertilizer with乱仏t1S勿 pe1(C+M). 
(6) Chemical fertilizer without陥 1Stype1 (C). (7) No加 ilizer 
withoutany組問伽叩 t(C。ωIn Bokashi醐 tment(B十 .MandB)， 
5.3 g ofBokashi，ωn加 ining0.2 g nitrogen and 1.7 g carbon pof¥ re聞 
。。
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(Table 1). 
Bokashi 
FieldPl叩 αration:Eight treatment plots with 6 m long and 5 m 125 treatment 
wide were set up in the exper加 lenta1 field.百貨 eexperimen胞 l血 ctors 
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were examined: 1) basal application ofl¥仏 tfS勿 pe2(0，4，20 and 1∞ 
m-2)，2) fe出]jzer(Bokashi with l¥仏 tfStype1 or chemical)，3) riω mL 
s回 winco中 oration(with or without). These were al amended on 
，5.6.4，5札14，and C was 18.5，M十C，S，M十S，B，M十emission from B
methane，enTh1).vely(Fig. 抗h-¥ respec2mg carbon m-.4and 0 .40 
emission increased sharply up to 100 days，and decreased sharply 125 Chemical fertilizer 
thereafte工In the late period of 70ω100 days，社 lemaximum value of treatment ~ 10 一・-C+M
methane emission企 omB+M，B，S+M，S，C十 M，and C were 91.2， gω自ぐ自
spectively(Fig. ¥閃-h -2 96.6and 52.6 mg carbon mム43ム60，73.2 
1). Dtuカ 19this experiment，抑制 1methane emission ofB十 M，B，S+M， 
gCand 16.5 .125，50.8札27札33札49，77.4C and Cont was，C+M，S
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May 26. The orthogonal aray Ls was applied in order肋 alocate吐le
白 ct倒的 theploお (Table 1). Rice (v砿 Koshihikari)seedlings we問 
Other manage 8. transplanted on May 26 and harvested on October 聞 
ments were done according to 伽 mers'practices. 
Methane emision: Methane emission was measured as pot experi幽 
1.1St2忠1st7 andAu，忠Au，ment on July 24 
Results and discussion 
Pot experiment 
The methane flax in the early growth period was low，and late 
growth period w倒 highin the expe出 nen臼 1period. In the early period 
of 0 to70 days after transplanting，出 .emaximum value of methane 
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Days after transplanting 
m2 se加 on-1，respectively. Soil Eh decreased gradually upω70 days. …
h出 eperiod of 70ω100 days， following increase of soil Eh，社 de醐 
creased sharply，吐 lenincre拙 ed由。問 after(Fig. 2).官 leto胞 1methane 
emission in the胸 tmentwi曲師 tlStype1 (B+M，S+M，C+M) tend欄 
edωbe higher由加白紙 withoutl¥品 1Stype1 (B，S，C)，凶 pecialy由。 
Bokashi trea加削 (B十 M)(Table 2). on仕 leother hand， brown rice 
yield in the trea加 lentwith l¥仏tIStype1 also tend吋的 behigher than 
that without l¥品目 type1，e叩 ecialythe Bokasbi甘 eatment(Table 2) . 
The yield was also positively correlated with methane emission 
(r0.64).口 
In general，pol戸 nerswhich were included in the organic matぉ radι 
ed as Bokashi and rice straw were血 :stconverted to oligomers and 
monomers. Subsequently，some of these fermentation products，such as 
organic acids，can be converted directly by methanogens into Cl:4 and 
CO2 (Scl曲Jk 1997).官 leseresults showed applica抗 onofl¥品川勿 pe1
加 paddyfields promote rice yield while the application acelerate Cl:4 
production in paddy soil，indicating由 atdecomposition of organic mat剛 
ter added拙 Bokω，hiand ri∞ s回 wwas accelerated by application of 
h品 1Stype1 due to efect of microorganism including lactic acid bacte欄 
。。 
Seasonal changes of methane emission in pot experiment 1. Fig. 
Bars indicate SD 
S+M: 1.B: Bokashi without MMS typel.M:Bokashi with MMS type日十 
C+M:l.Rice straw without MMS typeS: 1.Rice straw with MMS type 
Chemical ferti1zer with MMS typel. C: Chemical fertilizer without MMS 
typel. Cont: No fertilizer without any amendment. 
riaandye剖 tscontained in由 isaplication. 
Field experiment 
In the thre measurements in出 efield，methane emission was由 e 
highest in the non-amended plot， followed by 4 L m-2，1∞Lm…2 and 
20Lm2amended plots in this order (Fig 3). Amounts ofmethane 開 
emission in the plots amended with 20 L mω2 and 1∞Lm…2 were al幽 
most the same.百世 sresult showed that methane emission tends to de酬 
crease wi血 increaseof amendment rate ofl¥仏 1Stype2企 omOt020L 
m-2，although statistical diference w拙 notobserved among trea加 lents. 
ーく )-C 
./'s.. Cont 
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Fig.2. Se拙 onalchanges of soil Eh in pot experiment 
Bars indicate SD 
Abbreviations in the figures are the same as Fig. 1 
Table 2 	Total methane emission and brown rice yield in the pot 
expenment. 
plot 
Total methane emission 
(gC m~2 season寸 
Brown rice yield 
(g po(1) 
日十 M 77.4 a 45.7 a 
B 49.0b 37.2b 
S+M 33.9 bc 41.2 ab
S 27.0bc 38.2b 
C+M 50.8 ab 47.6a 
C 25 bc .1 43.0 ab 
Cont 16.5 c 23.6 c 
Numbers with common leters are not significantly diferent at pく 0.05by 
Tukey' s test. 
Application rate (mL m合)
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Several p叫加 dincubation expe血 nenffihavereported由 atme出御 le 
production was reduced by application of putple nons川向 rbac胎 ria 
(PNB) presmnably dueね comp州 ono仲間 withmethanogens for 
common organic subs回 te(Harada et al2001; 2∞'3) .Inour study cur幽 
ried out in出 efield，however，the e恥 ctof suppression on methane 
emission by applica討onof恥仏 1Stype2 was not admitted statisticaly， 
probably due to complexities of rice fields. 
Brown rice yield amended wI血 0，4，20，and 100 mL m~2 ofMMS 
type2 underunweeded condition was 524，512，617 and 622 g m-2，間耐
叩 ectively(Table 3). Bro帆 1rice yield was lower in 0仙 d4Lm2… 
trω加 lenfithan that in 20 and 1∞mL m~2 加納nenffi. Harada et al. 
(2ω5) repor総:d in由。 potexper加 lent出 atthe inoculation of PNB in-
creased the grain yield of rice due to unidentified functions of PNB 
other than biological N 2fixation.百 leydesαibedsome ∞nclusionscit剛
吋 wi血 o血 er伽 di悶 whichimplied mech佃 isms凹 derlying由。 beneι 
cial e:fect of PNB inoculation as follows: Kobayashi and Haque 
(1971) sp問的例制御 reasonwhy the application of枇 iedPNB 
cels increased the grョinyield of rice in their study was出 at由 erice 
planfi absorbed beneficial organic constituenfi such as organic acids， 
amino acids，nuc1eotides，nuc1eic acids b附 s，rd側 ed由 rough由 ede幽 
composition of cels. Bisw部 etal. (2∞0) showed白紙 theinoculation 
ofseveral s回 inof rhlzobia promoted rice growth and yield.百 leycon嗣 
Table 3 Brown rice yield in出 efield experiment. 
Application rate Brown rice yield 
(叫 m-2) (g m-2)。 524 b 
4 512b 
20 617 a 
100 622a 
Numbers with common leters are not significantly diferent 
atpく 0.05by Tukey' s test 
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cluded性 latchanges in社 legrow由 physiolo部r orroot mo叩 hologyof 
rice plants after inoculation were more important than biological N z 
fixation. In 0田 investigation，brown rice yield mi出 ttend to incre蹴 
wi由 increasingof 1¥品 1Sapplication for仕 leabove reason. Brown rice 
yield w拙 negativelycorrelated with methane emission (rニ… 0.48)， 
sugges伽 gPNB applica討 onhas benefit for both yield and global envi幽 
ronment. Further investigation shou1d be carried out to elucidate the re-
lationship between phototrophic bacteria and rice growth. 
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水田土壌から放出されるメタンに対する微生物資材の効果
加藤茂1，2)・岩石真嗣1) • 1)財団法人 自然農法国際研究開発センター 
犬伏和之3) 
2)千葉大学大学院自然科学研究科 
3)千葉大学大学院園芸学研究科
市販されている 2種類の液状微生物資材を水田土壌に散
布し、土壌から放出されるメタンガスへの影響をポット試験
と圃場試験により検討した。ポット試験では、乳酸菌と酵母
が主に含まれている微生物資材(乱仏18typel)を用い、圃場
試験では主に紅色非イオウ細菌が含まれている微生物資材
(1¥品18type2)を用いた。本研究では「ボカシ」と呼ばれ
る有機物肥料を使った。ボカシは米ヌカ、菜種油粕および魚
粕の混合物に品仏18勿pelを加え、発酵させて作ったO 対照と
して民仏1[8勿pelを加えないボカシも作ったO
ポット試験において、ボカシを施用し、かつh仏1[8typelを
散布した区では、ボカシのみを施用した区に比べ、メタン放
出量が明らかに増加した。栽培期間中の総メタン放出量は、
ボカシを施用し、かつ乱仏18砂pelを散布した区では77.4g car欄 
bon m-2、ボカシ施用のみの区では49.0 gcarbon m -2だ、った。
土壌の酸化還元電位は、孔仏1[8勿pelの散布の有無に関わらず、
ボカシ施用区で急速に低下した。民仏18typelの散布は施用有
機物の分解を促し、それによってメタン放出量が増加したと
考えられた。また、ボカシの施用はメタン生成菌に基質と生
育に適した還元条件を提供していると推測された。
闘場試験では、恥侃1[8勿pe2の散布量をOから20 mLm-2に増
やすにしたがい、メタン放出の抑制効果がみられた。この結
果は、メタン生成蘭と紅色非イオウ細菌の競合により、メタ
ン生成菌に利用可能な基質が減少したことによりもたらさ
れたと推察された。一方、玄米収量はh仏18砂pe2の散布に
より増加した。
